adequately, particularly with upper abdominal surgeries and are unable to cough out secretions. There is decrease in vital capacity, tidal volume, and functional residual capacity leading to pulmonary complications. Nausea and vomiting occur due to nociceptive impulses from viscera and somatic structures. Hypomotility of gastrointestinal tract and bladder leads to paralytic ileus and urinary retention. There is risk of deep vein thrombosis. Persistent noxious input can lead to rapid neuronal sensitization progressing to chronic pain states.
Among the many options available for the control of postoperative pain, analgesia delivered through an indwelling epidural catheter is a safe and effective method for the management of acute postoperative pain. It can provide analgesia superior to systemic opioids. [2] Apart from providing adequate pain relief, epidural local anesthetics promote reconvalescence by blunting autonomic and somatic reflexes to pain.
Ropivacaine is an amide type of local anesthetic. It differs from bupivacaine in that it is prepared as a pure S-enantiomer and it provides more differential sensory-motor block and has less central nervous system and cardiovascular toxicity. Based on this profile, it is beneficial in situations where motor block is undesirable and where there is a potential for high plasma concentrations of local anesthetics such as postoperative analgesia.
We propose to study postoperative pain relief with epidural ropivacaine in comparison with epidural bupivacaine in patients undergoing lower limb orthopedic surgery. This study would be a prospective randomized trial in patients who will be given postoperative epidural analgesia with 0.2% bupivacaine as control arm and 0.2% ropivacaine as the study arm. We aim to compare the onset and duration of analgesia, total epidural dose requirement in 24 h postoperatively, the incidence of motor blockade, and other adverse effects of intermittent epidural topup of 0.2% ropivacaine and 0.2% bupivacaine.
MaterIalS and MethodS
After obtaining the hospital ethics committee approval, we studied 100 patients of either sex, aged 18-70 years, scheduled for elective major lower limb orthopedic surgery under spinal anesthesia. All patients, who belong to the American Society of Anesthesiologists (ASA) physical status Classes I and II, were enrolled for this prospective randomized, double-blinded study.
Patients were not included if they refused to participate in the study, a history of allergy to the study medications, a history of clotting or bleeding disorders, and infection at the site of lumbar puncture. Also excluded were pregnant patients, patients with preexisting neurological deficit, ASA physical status Classes III and IV, a history of psychiatric illness, and those with body mass index >35 kg/m 2 .
After obtaining written informed consent, all patients were examined and investigated a day before surgery. All patients were kept fasting 6 h before surgery. They were advised to take tablet alprazolam 0.5 mg and tablet ranitidine 150 mg the night before surgery. On the day of surgery, intravenous access was secured. The patients were preloaded with Ringer lactate solution 15 ml/kg half an hour before the procedure. The patients were shifted to operation theater, connected to multiparameter monitor. Patients were randomly allocated using sealed envelope technique into two groups:
• Group R (study arm): Patients were given 7 ml of 0.2% ropivacaine for postoperative analgesia • Group B (control arm): Patients were given 7 ml of 0.2% bupivacaine for postoperative analgesia.
Fifty milliliters of 0.2% bupivacaine or 0.2% ropivacaine were prepared in identical bottles under all aseptic precautions by a senior anesthesiologist, who was not involved in the patient care or data collection. Neither the patient nor the anesthesiologist providing postoperative epidural analgesia knew the contents of the epidural solutions.
A pilot study was conducted with 5 patients in each group. They were given 5 ml of either 0.2% ropivacaine or 0.2% bupivacaine. We found that pain relief after 5 ml of epidural drug was not adequate. Addition of 2 ml of control or study drug resulted in effective pain relief. We conducted this study with 7 ml of epidural drug. The patients in the pilot study were not included in the study.
Under all aseptic precautions with the patient in sitting position, the skin over the 3 rd or 2 nd lumbar interspace was infiltrated with 1% lignocaine and the extradural space located with 16-gauge Tuohy needle using midline loss of resistance to saline injection. 16-gauge epidural catheter was inserted 3 cm in cephalad direction and then taped to the skin. After negative aspiration of blood and CSF, a test dose of 3 ml of 2% lignocaine with adrenaline (1:200000) was injected. Subarachnoid block was performed at L 3-4 level with 25-gauge Quincke spinal needle with 3cc of 0.5% bupivacaine heavy. The patient was made to lie down supine immediately after the block. The anesthesiologist who is performing the block will record the intraoperative data (pulse rate, blood pressure, and oxygen saturation). Oxygen through nasal prongs at 2 L/min was kept for all the patients.
Postoperative recordings and pain assessment
Preoperatively, all patients were educated about grading of pain using a visual analog scale (VAS) pain score (0 cm -no pain and 10 cm -worst imaginable pain) and to request supplementary analgesics if needed. Patients who complained of pain with VAS score >3 were given 7 ml of either study or control drug according to randomization. If patients complained of pain after 15 min of epidural dose, 100 ml of paracetamol was given as rescue analgesic. Hemodynamic parameters such as pulse rate, mean arterial pressure, and oxygen saturation were monitored. The onset of analgesia was the time taken for the relief of pain with VAS score to become <2. The duration of postoperative analgesia was measured from the time of epidural drug injection to the next complaint of pain or VAS >3. Total epidural dose requirement and rescue analgesia required in 24 h was noted. The incidence of motor blockade was recorded after each epidural topup in nonoperated leg using a modified Bromage score.
• Bromage 0: The patient can move the hip, knee, and ankle • Bromage 1: The patient is unable to move the hip but able to move the knee and ankle • Bromage 2: The patient is unable to move hip and knee but able to move the ankle • Bromage 3: The patient is unable to move hip, knee, and ankle.
Any adverse effects such as nausea, vomiting, bradycardia (heart rate <60 beats/min), respiratory depression (defined as respiratory rate <8 breath/min), hypotension (defined as fall in mean arterial pressure >20% of base line value), and other postoperative complications were recorded and treated accordingly.
Statistical analysis
The statistical analysis of the data was done using IBM Statistical Package for Social Sciences statistics software version 20.0 (IBM Corp.,Chicago,USA). The data were expressed as either mean or standard deviation for quantitative data variables and as frequency and percentages for qualitative data variables. Unpaired t-test was used to compare the two groups for quantitative data variables, and Chi-square test was used for qualitative data variables. All statistical tests used at 5% level of confidence. P value less than 0.05 was considered statistically significant.
reSultS
Patient demographic characteristics were comparable among the groups with respect to age, sex, weight, and height. There was no statistically significant difference (P > 0.05) [ Table 1 ].
The heart rate and mean arterial pressure were measured at various intervals and were comparable among the groups [ Tables 2 and 3 ].
Mean heart rate before and 30 min after epidural topup is comparable in both the groups. There was no statistically significant difference (P > 0.05) [ Table 2 and Figure 1 ].
Mean arterial pressure before and 30 min after epidural analgesia was comparable in both the groups. There was no statistically significant difference (P > 0.05) [ Table 3 and Figure 2 ].
The mean onset time of epidural analgesia in Group B was 10.46 ± 0.68 min and in Group R was 10.52 ± 0.71 min, which was comparable in both the groups and was statistically not significant (P = 0.665). The duration of epidural analgesia was comparable (P = 0.697) in Group B and Group R. The duration of epidural analgesia was 253.10 ± 17.46 min in Group B and 251.80 ± 15.77 min in Group R [ Table 4 ].
There was no statistically significant difference (P = 0.684) in the total epidural dose requirement and the mean number of epidural topups required for epidural analgesia in 24 h between Group B and Group R [ Table 5 ].
Fifteen patients (30%) in Group B and 16 patients (32%) in Group R required rescue analgesia. There was no statistically significant difference (P = 0.829) . This indicates comparable postoperative analgesia between both the groups [ Figure 3 ].
Bromage 1 motor blockade was seen in 7 patients (14%) in Group B. No patients in Group R showed motor blockade. This is statistically significant (P = 0.012), indicating that bupivacaine resulted in significant motor blockade compared to ropivacaine when used for postoperative epidural analgesia [ Table 6 ].
In our study, 5 patients (10%) in bupivacaine group and 3 patients (6%) in ropivacaine group suffered from nausea. Hypotension was seen in 8 patients (16%) in bupivacaine group and 6 patients (12%) in ropivacaine group. No other adverse effects were observed. There was no statistically significant difference in the incidence of side effects between both groups [ Figure 4 ]. 
dIScuSSIon
The aim of postoperative analgesia is to provide subjective comfort with minimum side effects, to blunt autonomic and somatic reflex responses to pain, to allow early ambulation and restoration of function.
Among the aminoamide group, bupivacaine is the most commonly used local anesthetic drug. It has high protein binding and high lipid solubility. The high lipid solubility confers benefit by reducing absorption from the intended site of action. On the other hand, this property is not relevant if this site is bypassed and the drug is injected directly into the circulation. Local anesthetics exert their direct toxic effect on the heart by blocking sodium influx through sodium channels. This causes depression of the maximal rate of increase (Vmax) of the cardiac action potential and results in delayed conduction. When bupivacaine is bound to cardiac muscle, recovery from the block is slow. The sodium channels are blocked in a "fast-in, slow-out" manner, this makes resuscitation of patient difficult when ventricular fibrillation occurs. Ropivacaine has a favorable cardiotoxic profile as it depresses Vmax less than bupivacaine and recovery is quicker after ropivacaine. [3] In this prospective, randomized, double-blind study, in patients scheduled for elective major lower limb orthopedic surgery, we have compared postoperative epidural analgesia between 0.2% bupivacaine and 0.2% ropivacaine. We have studied onset time, duration of action of epidural analgesia, total analgesic dose requirement, epidural topup requirement, postoperative rescue analgesia, motor blockade, hemodynamic response, and associated adverse effects such as hypotension, nausea, and vomiting.
The demographic profile in both the groups was comparable and statistically insignificant [ Table 1 ]. The cardiovascular changes, i.e., mean heart rate and mean arterial pressure recorded before and 30 min after the epidural topup were comparable in both the groups [ Tables 2 and 3 ]. Mean heart rate and mean arterial pressure after 30 min of epidural topup are lower than that at starting of epidural topup suggesting adequate analgesia [ Figures 1 and 2] .
The mean onset time of epidural analgesia in Group B was 10.46 ± 0.68 min and 10.52 ± 0.71 min in Group R, which is statistically insignificant (P = 0.665) [ Table 4 ]. Our results can be compared with McCrae et al. [4] and Brockway et al. [5] Brockway et al. compared different concentrations of extradural ropivacaine and bupivacaine. When the same concentration of each drug was administered, there were statistically insignificant differences in the onset and duration of sensory block.
The mean duration of action of epidural analgesia in Group B was 253.10 ± 17.46 min and 251.80 ± 15.77 min in Group R [ Table 4 ]. The mean duration of epidural analgesia varied between 240 and 300 min. There was no statistically significant difference between both the groups (P = 0.697). Korula et al. [6] compared the clinical efficacy of the equipotent doses of ropivacaine 0.75% and bupivacaine 0.125% for epidural anesthesia and ropivacaine 0.2% and bupivacaine 0.125% for postoperative analgesia in patients undergoing bilateral mesh hernioplasty. They found no significant variation in the sensory block profile. Our results can be compared to this study and to Brockway et al. [5] which shows comparable duration of epidural analgesia when used at equal concentration and dosage.
Our study is comparable to Meister et al. [7] with respect to the total epidural dose requirement and rescue analgesia. They concluded that by using patient-controlled epidural analgesia (PCEA) technique, the mean total volume of ropivacaine with fentanyl administered was similar to that of bupivacaine with fentanyl during labor. PCEA demands and delivered doses were similar between the groups. In our study, the total epidural drug requirement in 24 h in Group B was 78.40 ± 6.93 and in Group R was 78.96 ± 6.79, which was statistically not significant (P = 0.684). The mean number of epidural topups required for epidural analgesia in 24 h in Group B was 5.60 ± 0.49 and 5.64 ± 0.48 in Group R and was statistically not significant (P = 0.684). 15 (30%) patients in Group B required rescue analgesia compared to 16 (32%) patients in Group R, which was statistically not significant (P = 0.829).
Small unmyelinated C fibers and small myelinated A fibers (Aδ) are responsible for pain transmission whereas large A fibers (Aβ) transmit motor impulses. Wildsmith et al. [8] found that ropivacaine blocked C fibers faster than A fibers and was a potent producer of frequency (or use-)-dependent block, that is block which only occurs when the fiber is stimulated. High pKa and low lipid solubility favors block of C fibers before A fibers. Frequency-dependent block is related to lipid solubility and the molecular weight of the drug. Ropivacaine is less lipid soluble than bupivacaine which retards its penetration of myelin sheaths. Clinically, these physiochemical properties of ropivacaine compared to bupivacaine offer an advantage in providing analgesia with minimal motor block. In our study, 7 (14%) patients in Group B had Bromage 1 motor blockade while no patients in Group R had motor blockade (P = 0.012) which was statistically significant. Our results are comparable with Muldoon et al. [9] and Korula et al.; [6] they have also noticed that bupivacaine produces significantly more frequent motor blockade in similar concentration and dose compared to ropivacaine. Equal volumes and concentration of ropivacaine and bupivacaine produce a similar pattern of sensory block but motor block is slower in onset, less in intensity, and shorter in duration with ropivacaine. [5] This has been confirmed in studies of lumbar extradural block in humans.
In our study, hypotension was seen in 8 (16%) patients in Group B compared to 6 (12%) patients in Group R. Episodes of hypotension were treated with intravenous fluid administration. We observed nausea in 5 (10%) patients in Group B and 3 (6%) patients in Group R. There was no episode of vomiting in both the groups. The incidence of adverse effects was statistically insignificant. Our study is comparable with McCrae et al., [4] H. Jørgensen et al., [10] and Owen et al. [11] concluSIon
In our study of postoperative epidural analgesia for major lower limb orthopedic surgery, we conclude that 0.2% ropivacaine and 0.2% bupivacaine in equal doses were comparable in regard to the onset and duration of analgesia, 24-h total epidural dose requirement, requirement of rescue analgesics, and adverse effects. In the dosage used by us, 0.2% ropivacaine showed a distinct sensory-motor dissociation resulting in analgesia without motor blockade which improves ambulation and patient satisfaction compared to 0.2% bupivacaine.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
referenceS

